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(54) POLYETHERIMIDE FILM HAVING ADHESIVE LAYER 
(57) Abstract: 

PURPOSE: To obtain the title film which 
has excellent adhesiveness and workability 
in bonding, and will not warp when 
laminated, by forming a layer of an 
adhesive comprising a specified phenoxy 
resin on a polyether imide film. 
CONSTITUTION: A polyhydric phenol is made 
to react with epichlorohydr in to give a 
phenoxy resin (a) of the formula (wherein 
X and Y are each H or alkyi), which 
comprises a polyhydroxy polyether having a 
number-average mo I ecu I ar weight of 5,000 
or higher and a weight-average molecular 
weight of 30,000 or higher. Component (a) 
is mixed with a (met h) aery I ate prepolymer 
or monomer (b) having ethyl en ic double 
bonds and a photopolymer ization initiator 
(c) (e.g., a compound of formula II 
[wherein R1 is H, (hydroxy) a I ky I . aryl, 
phenyl, tolyl. cyclohexyl or mercaptoa I ky I 
with a photosensit izer [e.g.. a compound of formula Mi (wherein R2 and R3 
are each H or a Iky I)], thus giving a phenoxy resin solution (B) . Component 
B is applied to a po I yether imi de film (A) of a thickness of 25W125pm and 
dried to form a film of a thickness of lOWSOpm thereon. 




ether]), if required, together 
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(57) ABSTRACT 

Conductor- filled thermoseciing resins having a free radical 
based cure chemistry are prepared for use as solder paste 
replacements for electrical conducting attachments of sur- 
face mount electronics components to printed circuit boards 
and as a die attach adhesive. The ihermosetting resins 
exhibit rhcologicaJ properties that allow them to be substi- 
tuted for state-of-the-art solder paste and die attach adhe- 
sives. The conductor filled resins can be thermally cured in 
in-line processing operations to provide a low stress, sub- 
strate adherent, electrically conductive resin matrix. 

17 Claims, No Drawings 
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Those and other objects of this invention arc achieved by 
a conductor- filled thermoseiling resin formulation compris- 
ing a free radical cross linkable polymer, a free radical 
initiating agent, and an unsaturated monomer capable of 
cross-linking the polymer. The cross-linking unsaturated 5 
monomer is preferably a bifunctional olefinic monomer 
having a boiling point greater than 200* C. at atmospheric 
pressure. The thermosetting resin of this invention option- 
ally includes a low shrink or low profile thermoplastic resin 
to reduce shrinkage and concomitant internal stress in the lO 
cured resin. The resin formulations can be cured to form a 
shape-retaining electrically conducting resin matrix in less 
than 5 minutes, more typically less than 2 minutes, at a 
temperature of 200' C. or below. Physical and chemical 
properties of the resin formulations allow them to be used 15 
for die attachment and surface mount applications with little 
or no revision to casting manufacturing protocols. 



DETAILED DESCRIPTION OF THE 
INVENTION 
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In accordance with the present invention there is provided 
a thermosetting resin formulation which can be cured 
through a free radical cross-linking/polymerization mecha- 
nism to provide electrically conductive resin matrices. The ^5 
present resin formulations are in the form of a thixotropic 
fluid/paste having rheological characteristics that will allow 
it to be substituted for state-of-the-art die attach and solder 
paste formulations. 

Generally the resin formulations of this invention com- 30 
prise a free radical cross-linkable polymer, an unsaturated 
monomer capable of cross-linking the polymer, a free radi- 
cal initialing agent, and an electrically conductive micro- 
particulate filler. In one preferred embodiment, the present 
formulation further comprises a thermoplastic resin, most 35 
preferably a low shrink or low profile thcrmoplasdc resin 
which funcuons to reduce post-cure stress in the cured 
electrically conductive matrix. Other optional additives can 
be employed to optimize chemical and rheological charac- 
teristics. For example, a small amount of a polymerization 40 
inhibitor can be added to enhance "open time" and shelf life. 
In addiuon. coupling agents can be added to improve 
"wetting" of the electrically conducuve microcparliculate 
filler component and, as well, to improve adhesion charac- 
teristics of the cured conductive resin matrix. 45 

The present formulations comprise about 15 to about 60 
weight percent of a resin component. The resin component 
of the present formulation comprises about 30 to about 100 
weight percent, more typically from about 30 to about 80 
weight percent, and most preferably about 35 to about 75 50 
weight percent of a free radical cross-linkable polymer. Such 
cross-linkable polymers include the commercially available 
thermosetting, unsanirated polyesters, vinyl esters, polyb- 
utadienc homopolymers and co-polymers having pendant 
1,2-vinyl groupings, and other unsaturated pre-polymers 55 
prepared by partial polymerization of bifunctional olefinic ' 
monomers such as divinylbenzene. diallyl isopthlate or 
diallyl isoplhalaie, and other polymeric compounds having 
pendant unsaturated groups capable of undergoing free 
radical polymerization itself or co-polymerization with 60 
unsaturated monomer components. Most preferred of the 
free radical cross-] ihkable polymers arc those that exhibit 
high free radical initiated cure rates in the presence of a 
monomer cross-linking agents. Vinyl esters and conrmierciaJ 
polyesters prepared from maJeic or fumaric acid with dihy- 65 
dric alcohols such as ethylene glycol, propylene glycol, 
butylcnc glycol, dielhylenc glycol, dipropylcnc glycol or 



uiethylene glycol are preferred reactive free radical cross - 
linkable polymers. 

The resin composition of the present formulation is for- 
mulated to contain about 0 to about 70 weight percent of an 
unsaturated monomer capable of cross-linlcing the cross- 
linkable polymer. The monomer and the free radical cross- 
linkable polymer are selected so that they form a homoge- 
neous mixture. The monomer is generally of the vinyl type 
(including at least one group — C=CH2 in each molecule). 
Commercially available monomers include styrene, vinyl 
toluene, methyl methacrylate. methyl styrene, divinylben- 
zene, divinylpyridine, diallyl phthalate and diallyl isoptha- 
laie. Monomers exhibiting low vapor pressure (having a 
boiling point, for example, > 200** Q), are preferred. Bifunc- 
tional olefinic monomers are used to prepare preferred 
thermosetdng resin formulations of the invention. Diallyl 
phthalate is most preferred. Its high boiling point and 
concomitant low volatility allows curing of the present resin 
formulations even in thin films without premature loss 
(evaporation) of the monomer componenL There are com- 
mercially available liquid cross-linkable polymers, such as 
Ricon® brand high vinyl 1-2 vinyl liquid polybutadiene that 
are free radical cross-Unkable without added monomer. Such 
polymers can be used neat as the sole resin component of the 
formulation or with minor amounts of monomer added only 
for viscosity control. 

The present thermosetting resin formulation further com- 
prises about 40 to about 85 weight percent, more preferably 
about 50 to about 80 weight percent, of an electrically 
conductive micropaniculate filler. A wide variety of micro- 
particulate fillers are commercially available. They include 
micropaiticulate metals including silver, gold, platinum, 
palladium, nickel and copper. The conducuve raicroparticu- 
late compositions can be in the form of powders, flakes, or 
coated metal, glass, or ceramic particles. The nature of the 
elecuicaUy microparticulate filler is not critical except to the 
extent that the filler should be used in a quantity and of a 
nature such that the cured resin has a resistivity of less than 
about 10"^ ohms per centimeter, preferably less than ICT^ 
ohms per centimeter. One electrically conductive micropar- 
ticulate filler that has imparted favorable conductivity char- 
acteristics to the cured resin and, as well, favorable rheo- 
logical properties to the pre-polymcrized resin formulation 
is silver powdcr/fiakcs having a tap density > 3.0. In a most 
preferred thermosetting resin formulation of this invention, 
the electrically conductive microparticulate filler comprises 
silver flake having a tap density of > 4.0. Such high tap 
density silver flake is commercially available as product 
AX IOC from Amcpox Microelectronics Ltd. of Lodz, 
Poland- Thermosetting resin formulations of this invention 
that have performed particuiariy well in solder paste appli- 
cations have been formulated using mixaires of the very 
high tap density silver flake with other silver particulates of 
somewhat lower tap density. It has been found that rheo- 
logical characteristics of the resin formulation, for example 
the thixotropic index which is important for processability in 
many applications, can be adjusted by adjusting the ratio of 
high tap density and low tap density silver powder compo- 
nents. 

One other component of the thermosetting resin formu- 
lation of the present invention is a free radical initiating 
agent. That component is added in an amount sufficient to 
promote short cure times for the thermosetting resin formu- 
lations at temperatures of about 200° C. or below, preferably 
the free radical initiator is added in an amount effective to 
promote a short resin cure cycle — the resin formulation 
should cure to a shape -reiairung electrical conductive mauix 
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l^pcreol. Lcguval® resins arc ihcnnoplasuc rcsins avaUable 
from DSM. The coupling agent A- 187 silanc is gamma- 
glycidoxypropyllriineth xy silanc, an epoxide functional 
coupling agent sold by Uni n Caibidc, The silver powder/ 
flakes identified as AXIOC and AX20L arc silver flake 5 
products available from Aracpox. AXIOC is a silver semi- 
flake product having a tap density of about 4.8 to about 5 6 
AX20L is a silver flake product having a lap density of about 
3.1 to about 3.6. 

Several test resin compositions for use in the present 10 
conductor filled resin formulations were prepared to evalu- 
ate viscosity and cure time. The results of thai test arc shown 
in Table 1. 



8 



A resin formulaiion having the following formula was 
prepared as a solder paste replacement 



SOLDER PASTE 



Hctroa 912 Rcjin 
DAP Mooomcr 
••Leguval 7232B SoUds 
*Hydroquinont Solatioa 
Lupcraol 575-P75 
5.30 Tap Density Stiver 
3.35 Tap Density Silvcr 



4Z23 
36.75 
21.00 
0.05 
2.00 
204.00 
204i)0 



TABLE 



Foramla Compositson^pbw 



Cure Time 

Yiscosity/Brooldicld (averafic) 



M. 10 ipm. 25* C 150* C VS* C 
(cP) (sec) 



A 331 Hetron 912/65 pbw 

DAP/35 pbw 

CaiaL 331/2 pbw 
B 575 Hetran 912/65 pbw 

DAP/35 pbw 

Calal. 575/2 pbw 
E 256 Hcmm 912/65 pbw 

DAP/35 pbw 

CalnL 256/2 pbw 
L 575 Hetran 912/65 pbw 

DAP/35 pbw 

Lepivnl Ki;3. 17245/50 pbw 
DAP/50 pbw 
Csiol. 575/2 pbw 
UC 575 Hetron 912/65 pbw 
DAP/35 pbw 

Ijeguval KLr3-1724S/60 pbw 
D/VP/40 pbw 
Caial. 575/2 pbw 



j 65 pbw 
j 35 pbw 

J 65 pbw 
j 35 pbw 



4700 
4560 
5560 

9200 



5000 



17.5 13.4 
U-5 93 
8J 7.6 

17.6 17.6 

16.8 I6a 



Each of Formulas A331, B575. and L575 were used lo 
piepare silver filled resin formulations in accordance with 
the present invention. The resin formulations were prepared 
by blending the silver flake components into the prepared 
resin compositions. The data obtained upon assessment of 
the chemical and physical properties of the silver filled 
formulations is shown in Table Z 
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-continued 



A-187 Silanc 



0.38 



510.43 



TABLE 2 



FORMULA 



Inidal ^^scosity 
Stand. Brook/icld 
ff7. 2J rpm, 25* C 



Thixotropic 

Rndo 
(1:10 rpm) 



Shrinkage 
Tcsi 
mm (•) 



Resistance 
(••) 



Lap Shear 



A 331 

/ocioc 

AX20L 

B 575 

AXIOC 

AX20L 

L575 

AXIOC 

AX20L 



-100 pbw 
-350 pbw 
-100 pbw 
-100 pbw 
-350 pbw 
-100 pbw 
-100 pbw 
-250 pbw 
-100 pbw 



154 000 
163 000 
325 000 



3.7 
3.9 
2.2 



0.734 



0.12 ohzn 



-UOO 



0-64 0.12 ohm — 

0.0 O.l ohm -600 



•Curing 175* C — 15 minuiei — For stmmlaiion long term work. 

••Curing 175* C — 2-3 minutes — After this rime was no change of resistance. 
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